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Abstract 

We study some of the consequences of the SU(6)i(g)U(l)y model of unification 
of electroweak interactions and families with a horizontal gauge group SU(2)#, 
paying special attention to processes with flavor changing neutral currents. We 
compute at tree level the decays K + — > 7r + /x + e _ , K\ — > [i + e~ and \i~ — ► 
e~u e Un from which we obtain lower bounds for the mass of the horizontal gauge 
boson associated with FCNC. Finally we obtain limits on the mixing between 
ordinary and exotic charged leptons. 
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1 Introduction 



The precision measurements carried out in the last years have established that the 
Standard Model (SM)i gives an excellent description of the phenomena of particle 
physics up to 100 Gev. Even though the SM describes with excellent accuracy the 
physics observed up to now, it does not answer some questions such as the number 
of families, CP violation and the fermion mass hierarchy problem. For these reasons 
physicists believe that the SM is not the ultimate theory in particle physics. There are 
many attempts which try to give an answer to the above questions named in a generic 
form as extensions of the standard model. All of these extensions imply the existence of 
new particles^ additional to those introduced in the SM (either fermions, gauge bosons 
or scalars). In some extensions the appearance of new exotic fermions is a necessary 
condition to free the model from anomalies, while the extra gauge bosons arise in a 
natural way due to additional generators of the gauge group. Exotic fermions manifest 
themselves either through direct production or by their mixing with ordinary quarks 
and leptonsB. 

In the SM there are several processes which are strongly suppressed or forbidden; they 
are called rare decays. Of special interest are those due to the possible existence of flavor 
changing neutral currents (FCNC). In the SM the FCNC are suppressed by the Glashow- 
Iliopoulos-Maiani (GIM) mechanism in the quark sector and by the conservation of 
individual lepton numbers in the leptonic sector due to the masslessness of the neutrinos. 
The constraints on FCNC, and on rare decays in general, play an important roll in testing 
possible new physics beyond the SM. 

Recently an extension of the SM, based on the SU(6)L®U(l)y has been introduced® 
in order to account for some of the peculiarities of the fermion spectrum. In particular 
the model is capable of accounting for the fact that the top quark is much heavier than 
the rest of the ordinary fermions. In this article we study some of the new physics implied 
by this model; in particular we analyze the combined effects due to the appearance of 
new gauge bosons and exotic leptons. We concentrate on FCNC processes which arise 
in the model from three sources: horizontal interactions, mixing between exotic and 
ordinary leptons, and mixing of the standard neutral gauge boson with a horizontal one. 



2 The model 

The gauge group of the model is SU(6)i<8)U(l)y, where SU(6)l unifies the weak isospin 
SU(2) L of the SM with a horizontal gauge group G#. SU(2) L ®SU(3)# is a maximal 
special subgroup of SU(6)l. The thirty-five SU(6)l generators in an SU(2) L ®SU(3)# 
basis are 

ai <g> 1 3 , 1 2 <8> X a , o l <g> X a , (1) 
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where a i: i = 1,2,3 are the Pauli matrices, % = \oi are the SU(2)l generators, A a , 
a = 1,2, ..,8, are the Gell-Mann matrices, |A a are the SU(3)# generators, and 1 3 and 
I2 are 3x3 and 2x2 unit matrices, respectively. 

The fermionic content of the model and the requirement that the exotics which trigger 
the seesaw mechanism for neutrinos obtain mass at the scale where SU(6)l is broken 
demand that G H be identified with the special maximal subgroup SU(2)# of SU(3)# 
and not with SU(3)# itself. The special maximal embedding of SU(2)# into SU(3)# is 
achieved by using as generators of SU(2)# the set 

(Ai + Xe)/V2, (A 2 + X 7 )/V2, (A3 + V3X 8 )/2. (2) 

The three families are in the adjoint representations of SU(2)#. 

The model has 36 gauge bosons: 35 associated with the generators of SU(6)l and 1 
associated to U(l)y. Besides the standard gauge bosons W 3 , W ± and B, we have 32 extra 
gauge bosons, which can be divided in four classes: 12 charged gauge bosons which pro- 
duce transitions among families (Family Changing Charge Currents, FCCC); 4 charged 
gauge bosons which do not produce transitions among families but their couplings are 
family dependent (Non- Universal Family Diagonal Charged Currents, NUFDCC); 12 
neutral gauge bosons which produce transitions among families (Flavor Changing Neu- 
tral Currents, FCNC) and 4 neutral gauge bosons which couple non-universally with- 
out changing flavor (Non- Universal Flavor Diagonal Neutral Currents, NUFDNC). The 
gauge bosons of SU(6)l and the associated generators are displayed in Table 1. The 
interactions mediated by the gauge fields associated with the generators of SU(2) L are 
universal, that is, family independent. 

With the usual definition for the electric charge operator (Q = T z + Y/2), the 
fermionic content of the model is given by the following set of irreducible representations 
(irreps) of SU(6)L®U(l)y (one for each color in the case of quarks) 

{6(1/3) } L = (u,d,c,s,t,b) L = r (V3)l, 
{6(-1)} l = (?T ,v e ,yT ^^T' ,v T ) L = ip a (-l) L , 
{l 7 (-4/3)} L = qJ(-4/3) L 1=1,2,3, for u c , c c , and t c respectively, 
{l/(2/3)} L = qJ(2/3) L 1=1,2,3 for d c , s c , and b c respectively, 
{1 7 (2)} L =lj(2) L 1=1,2,3 for e c ,/i c and r c respectively, 

{T5(0)} L = VW](0)l, 

where I is a generational index, a and f3 are SU(6) tensor indices and u,d, . . . refers to 
the up quark, down quark, . . . fields. The label L refers to left handed Weyl spinors 
and the upper c symbol indicates a charge-conjugated field. The number in parenthesis 
is the hypercharge and the symbol [a/3] stands for antisymmetric ordering, i/j[ab] = 

(ipAB ~ i>BA)/V2- 

The particle content of ip[ a p}(^)L is 3 exotic electrically charged leptons E* L , El[ L and 
E~l L with their respective antiparticles E^ L , E^ L and E% L , and 9 neutral Weyl states Nj. 
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Explicitly we write 
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(3) 



With respect to SU(2) L , the quantum numbers of the above exotic leptons are 3 triplets 
and 6 neutral singlets. The three triplets are 



(N, + N 5 )/V2 



Et 
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and the six neutral singlets are 

N x , N 2 , N 3 , (N 4 - N 5 )/V2, (^6 - N 7 )/V2, (N s - N 9 



2. 



(5) 



Possible deviations from the SM predictions could be either due to mixing of ordinary 
with exotic leptons or due to mixings between the standard gauge bosons and extra ones. 
Both effects modify the couplings of ordinary fermions to the standard gauge bosonsH. 



3 Symmetry Breaking. 

The symmetry breaking is realized in three stages: In the first stage 

SU(6) L ® U(l) y — > SU(2) L <g> SU(2) H <8) U(l) y (6) 

at the scale Mi where the six SU(2)l singlets of exotic leptons get mass of order Mi. 
This breaking is achieved with a Higgs scalar in the irrep 0i = {105(0)} of SU(6)i. 
The next stage of symmetry breaking is 

SU(2) L ® SU(2) H ® U(l) y — > SU(2) L ® U(l) y (7) 

at the scale M 2 and it is implemented with a Higgs 2 = {15(0)}. At this stage the 
horizontal symmetry is completely broken and simultaneously the exotic leptons which 
transform as triplets of SU(2)x get a mass of order M 2 . The Vacuum Expectation Values 
(VEV's) of (f>i and 4> 2 can be read from Ref.|4j]. 
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Charged ordinary fermion mass terms. The final stage of the symmetry breaking 
chain, 

SU(2) t ®U(l) r ^U(l) £M) (8) 

is achieved by using a Higgs <p 3 = 6(1) = 03 a (l) with VEV's in the neutral components 
(^3a(l)) = Va for a = 1, 3, 5, (which play the same role as the ordinary Higgs in the SM 
model). This guarantees that the only unbroken generator is Q. 
With (0 3 ) the following mass term for quarks may be written 

Ei liqf (-4/3) / C(0 3Q (l))V'£(V3) + h.c. , 

= (luU c + 7 c c c + 7 t t c )iC(i;iM + v 2 c + v 3 t) L + h.c. , 

where 77 are Yukawa couplings of order 1. The Q=2/3 quark mass matrix at tree level 
produced by eq.@ is 

' luV\ JuV2 7uV 3 \ 

IcVl 7cf2 7c^3 (10) 
V ItVl 7^2 7*^3 / 

whose only eigenvalue different from zero, m t = jv, 7 = ySu + 7c + 7t 2 , v = y/vf + v\ + u|, 
may be recognized as the bare top quark mass. Since we assume that the Yukawa cou- 
plings are of order 1, then m t ~ Mw = gv/2. There are no Q = — 1/3 quark mass term 
but 03 allows also a mass term for the leptonic sector. This mass term would generate a 
very large mass for the r lepton. To avoid it we may either implement a universal see- 
saw mechanism through the exotic charged leptons, or we may introduce a Z 5 discrete 
symmetry that distinguishes between quarks and leptons as is explicitly done in Ref . [|J . 
The Higgses introduced in this section achieved the following tasks: 

1. The VEV's (0i)©(0 2 )©<03> break the symmetry SU(6) L <g> U(l) y down to U(1) BM . 

2. They produce heavy masses to all the exotic leptons. 

3. They give a mass of order 10 2 GeVs to the t quark. The rest of the known fermion 
masses are light, because they can be generated only as radiative corrections©. 



4 Mixing between exotic and ordinary fermions 

To describe the mixing between ordinary and exotic fermions we follow the formalism 
given in Ref. 0. Since \J(1)em is unbroken, different eigenstates of weak interactions 
can mix only when they have the same electric charge. 

In general the mixing among n ordinary fermions and m exotic fermions of a given 
charge can be described by a unitary matrix of order (n + m) x (n + m). It is convenient 
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to introduce the vectors i\)° L and tjj R which can be decomposed in ordinary and exotic 
sectors 

where ipQ L is a column vector formed by ul ordinary fields, while ip° EL contains uil exotic 
fields, and similarly, i/jq R contains ur ordinary fields, while ip ER contains ttir exotic fields. 
The superindex o refers to the weak interaction base, that is, to the original fields in the 
lagrangean with well defined transformation properties under SU(2)x,®U(l)y. For each 
helicity one has n + m mass eigenstates, which can be arranged in vector columns as 



* = T . *r = T ■ (i2) 





where ipn is a vector of til light mass eigenstates, iphL represents tjil heavy mass eigen- 
states, and similarly for ipi R , iphR- 

The gauge and mass eigenstates are related by the equations 

r L = u L ^L , r R = u R ^ R , (13) 

where Ul and Ur are unitary matrices of dimension (n + m) x (n + m), which diagonalize 
the fermion mass matrices. Ul and Ur can be written in the block form 

= a = L ' R - (14) 

Here A a is a mass matrix of dimension n a x n a which relates the ordinary weak states 
and the light mass eigenstates and G a is a matrix of dimension m a x m a which relates the 
exotic and heavy states. E a and F a are of dimension n a x m a and m a x n a , respectively, 
and describe the mixing of the two sectors. The matrices A a and G a are not unitary, 
but from the unitarity of U a one obtains the relations 



A^Aa + F^F a — Inxn j 

A a Al + E a El = I nxn , 
G^G 4- E*E = I 



a = L,R. (15) 



t mxm } 



(7 (7t _L P Ft — T 

d a ~ o a -'■mxm 



From these relations one can see that A a and G a violate unitarity by a small mixing 
between light and heavy states. Most of the physical effects of mixing are related to the 
no unitarity of A a . 

An arbitrary mixing between exotic and ordinary fermions will induce, in general, 
flavor changing neutral currents in the light sector of fermions in a rate larger than the 
experimental limits. These bounds show that for the charged sector these processes of 
FCNC are extremely suppressed. Contrary to this situation, for neutrinos there are no 
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experimental limits on possible FCNC. For this reason it is convenient to concentrate 
on the charged fermions. 

The present experimental limits^ on the transitions sd, cu, bd, bs, fie, rfi and re allow 
us to assume the non existence of FCNC involving light fermions. The absence of FCNC 
combined with the fact that the matrices and F%F a become diagonal, and that 

< (AlAa) < 1 and < (F*F a ) < 1 allows one to write! 

A\A a = Cl , 



F\ F = S 2 

1 a 1 a *J a > 



where 



a — L,R. (16) 
C a = diag (C* C* ...,CJ-), 

a = L,R (17) 

S a = diag (S* S» . . . , 5J-) , 



such that C l a = cos^ and S l a = sin 9 l a , where 6 l L and 9 % R are the light-heavy mixing 
angles. 



5 Mass matrices 

In the model under study the known charged fermions obtain mass only from radiative 
corrections except for the top quark, which obtains a mass at tree level. The mass ma- 
trices of fermions and gauge bosons obtained in the model have a complicated structure, 
making it difficult to find an analytic solution to the eigenvalue problems. To solve it 
we use an approximation method based on perturbation theory taking advantage of the 
fact that the components of the mass matrices depend on the three scales of SSB, Mi, 
M 2 and v , with the hierarchy Mi M 2 S> v. 



5.1 Mass for charged leptons 

From reference 0] we can write the following mass matrix for the charged leptons in the 
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(18) 



where w <C v , because this contribution comes from triplets of SU(2)^. The rank of this 
matrix is three and as a consequence it does not give any mass to the electron, muon or 
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tau. Adding the contribution from radiative corrections, Mc can be parameterized as 
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(19) 



where Vi, V(, V", % — 1,2, 3, are real parameters of order of the electron, muon and tau 
masses, respectively (at this stage we are ignoring phases, so CP is conserved). 
Mq can be diagonalized by a biunitary transformation 

U cl M c U C r = M D , (20) 

where Mr, is a diagonal matrix and Ucl, Ucr are unitary matrices. They satisfy 

U CL M C M C U CL = U cr M c M c U C r = M 2 D . (21) 

To diagonalize M c we write first 

M C M C = (M c M c ) o + (M c M c ) i , (22) 

where (McM c ) = M C M C , while (McM c )i contains the parameters coming from ra- 
diative corrections and their mixings with M 2 and w. M^ is easily diagonalized. Next 
we consider (M c M c )i as a perturbation. In order to simplify the calculation we take 

v 1 ; = v; = v; = v". 

The weak eigenstates e° L , ift L , r° are related to the mass eigenstates e^, through 
the relations 



e° L = 


Mi 


nl = 




r° L = 





^Tl2^ + V * + V 3 )E 1L + Q x e L + + a x r L , 
^772 (V( + V 2 ' + Vi)E 1L + 6 2 e L + p 2i i L + a 2 r L , 



(23) 



where the constants 9i, $ and ctj, i=l,2,3 are functions of the parameters Vi, V[ and V" . 
The explicit expressions for 9i, and ctj are given in the Appendix. The corresponding 
expressions for right handed charged leptons are not needed here. 
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5.2 Mass for neutral leptons 

With respect to the neutral sector, the masses for ordinary neutrinos are generated 
through the see-saw mechanism. In the basis 

( Ni ,n 2 ,nJ n *- N5) W'-W ( n *~ n >) 



y/2 \/2 \/2 (C) ,s 

(N 4 + Ns) (jVg + N 7 ) (Ns + N 9 ) \ 



V2 V2 V2 > V " V '» V ' r ) ' 

the mass matrix of this sector has the form 

(^6x6 06x3 #6x3 \ 
3 x6 C 3x3 3x3 , (25) 
#1x6 3x3 3x3 / 

where A has entries of order M\ and M 2 , B of order v, and C of order M 2 . To diagonalize 
this matrix we use a double perturbation theory@ . After the algebra is done we get the 
following expressions for the ordinary neutrinos U® and v° 

"°= + lies" 2 + K35o2 !/3 + EO(W ' m 

0842 6J397 < 26 > 
1.4668 5.3302 A ^ y ! ' 

where the parameter 5 2 = v/M 2 <C 1. These expressions are used later to compute the 
decay rate of the muon. 

5.3 Neutral gauge bosons 

For the neutral gauge bosons (see Table 1) in the base 



(Zq, y#(i), #13(1)) ^3(i)j #15(1), S 2 , Z 4 , Ei, Z 3 , Y r (i), F] 



13(1) 



^3(2), #15(2), YH(2), #13(2), Y r ( 2 ), #13(2) J , 



we obtain the mass matrix 



M 2 

o m; 2 



(27) 



where is a symmetric mass matrix of dimension 11x11 containing terms of order 
M 2 , M| and v 2 ; are zero matrices and M^ 2 - is a symmetric matrix of dimension 6x6. 
Z is the gauge boson of the SM, 

_ gW 3 - g'B 

z ° " TFr^' (28) 
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where g and g' are the coupling constants of SU(6)l and U(l)y respectively. 
The diagonalization of M% is achieved considering 



M 2 N 



(M 2 N )o 



1 J 



(29) 



with (M^)o being the matrix with components of order Mf and Mf and (Mjy-)i con- 
taining components of order v 2 . In a similar way to the charged leptonic sector we solve 
the eigenvalues problem using perturbation theory. The results show that Z mixes es- 
sentially with the horizontal gauge boson Y H ^. This fact allow us to relate two mass 
eigenstates, Z SM and Z\ with the eigenstates of weak interactions through an orthogonal 
transformation with a mixing angle G, in the form 



cos 
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where 



and 



cos = 1 sin0 = 1 ( 2 V " 



\ + \3VSMi g , 



The mass of the Z SM gauge boson is given by 

mi = 

cos" 1 W 



(30) 



(31) 



(32) 



(33) 



where M w is the mass of the charged boson W and 6w is the weak mixing angle given 
by 

9' 



tan# 



w 



(34) 



The mass for Z' is of order M 2 , while the mass for the other extra gauge bosons are of 
order Mi and M 2 . 



6 Calculation of decays 

In this section we compute the decays K + — ► n + fi~e + , K\ — > [i + e~ and /i — > eu e u^. 
The sensitivity of the experimental measurements allow us to give a lower bound for the 
mass of the horizontal gauge boson Z'. 
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6.1 K 



In this decay the only contribution to the amplitude arises from the hadronic vector 
current, because the kaon and the pion have the same parity. 

The tree level diagram for this decay is given by Fig.(l). The decay amplitude is0 



M = ^erf{C-D>y s )pAlf + (t) 



[P + P') 
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where 



A = \{V; s V ud + VZV cd ](cosQ + l) + ^[V: s V cd + V; s V td ](cosQ 

+ sin e Cyq (v* s v ud + v* s v cd + v; s v td ) 

Vo costV 

r ■ q ^ 3 n , COS0AX + A2 
C = sm9^= —C v + j ' 

n • q ^ 3 n i CQS9AX + A2 



and 



G e s g 



2 



(36) 



(37) 



\4& are the elements of the Kobayashi-Maskawa mixing matrix and 

Ax EE (01& + 0201 + 0203 + W, 

A 2 EE (01/92-02^1 + 02/93-03/92), (38) 
5 3 = (01/91+02^2 + 03/33), 

with (7a, Cy and CV g being the constants 

CV = -1/2 + 2 sin 2 W , 

C A = -1/2, (39) 
C Vq = -1/2 + 2/3 sin 2 9 W . 

P, P', Pi and P2 are the fourmomenta of K + , ir + , fi + and e~, respectively, and f+(t) and 
fo{t) are form factors of order 1 (in fact, in our calculation they are taken equal to 1). 
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Obviously the momentum transfer t = (P — P') 2 is negligible compared with the square 
mass of the horizontal gauge boson Z', that is, t <C m 2 z ,. 

From the above amplitude we compute the partial decay rate 

d ? = j^d^^ M ? dtds (40) 

with s = (P — Pi) 2 , and we find 

r = + ^ P.464 * l0 » MeV'l (41) 

32(2n) s m z ,mr K 

where G e g and Gp (Fermi's constant) are related by 

G 2 cS = 9^fG 2 F . (42) 
m z , 

As we can see, V depends on several parameters of the model. Among these pa- 
rameters we have 9i, Pi and a, (which are functions of Vi, V( and V" introduced from 
the radiative corrections generating the masses of charged leptons, eq. (fL9|) ), the angle 9 
(which describes the mixing between the gauge bosons Z and Yhci)) an d the mass M z > 
of the horizontal boson Z'. 



In order to compare the expression fl4l]) with the experimental limitsM, we have 
taken 

Vi ~ rn e , 

V!~m», (43) 
V" ~ m T . 

With the above approximations the only non negligible parameters in the set (6i,(3i , 
oii) are 9i, (3 2 and a 3 . In particular 

2 

TfL 

{dM 2 ~ (i + -^r 1 . (44) 

In consequence we obtain the values 

G = -0.4927, 

D = 0.4927, (45) 
A = 0.2300. 

Taking into account the values for m M , m#, rn n , My/, Gp and the experimental bound 
for this decayQl 

r cxp < 11.17327314 x 10~ 24 Mev, 

we get the constraint 

m z , > 19.1767 TeV. (46) 
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6.2 K° L — ► e~fi + 

The state K\ is a superposition of the states K° and K°, defined as 



[2(1 + \e\ 2 )} 



\K) = 1 . . miV2 1 > ( 47 ) 



e being a parameter that describes the CP violation mixing. 

The amplitude for the leading diagram contributing to the process, Fig. (2), is given 

by 

M = -^fei^C - LhtdpBfjciP! + P a ) M . (48) 
where C and D are given by eq.(|36D and 

b = -^[^^ + ^y cd ](cose + i)-i[^ s y^ + y^ d ](cose-i) 

4 1 (49) 

+ sin 6— = — (V* s V ud + V*Vcd + V*V td ) 

zyo cos &w 

P\ and P2 are the fourmomenta of the electron and the muon respectively, and fx is the 
decay constant of the kaon. In the above amplitude we have considered again that the 
momentum transfer is small compared with the square mass of the boson Z'. Hence we 
obtain the total decay rate 

Now, taking into account the approximations given in Eq. (f|3|) we find 

B = -0.2300. (51) 

Using now the experimental data 

f% = 160.6 MeV , 

m K o = 497.676 ± 0.030 MeV , (52) 
T ex P < 12.01397025 x 10" 25 MeV, 

and taking for the parameters C and D the values given in eq. (flop, we obtain the 
constraint 

m z > > 34.7546 TeV (53) 
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6.3 Muon Decay fi — ► tVeV^. 

Another process that allow us to establish a lower bound for the mass of the horizontal 
gauge boson Z' is the muon decay fi — > ev e v^. This process is mediated by the standard 
W charged boson as well as by the horizontal boson Z' . The corresponding diagrams 
are shown in Figs. (3) and (4). 
The total amplitude is 

M = M W + Mz< (54) 

where J\4w {M.Z 1 ) is the amplitude for the process mediated by the W (Z'). In order 
to get the couplings we must take into account that, unlike the charged sector, in the 
neutral sector we do not know the masses for the neutrinos. This fact gives as a result 
that, while the charged leptons are written in the lagrangean in terms of their mass 
eigenstates, the neutrinos are left in the weak interaction base. 
The amplitudes M.z> and A4w ar e 



and 



where 



and 



M 



7 



Mz> 



G 



g cos 9 + 1 



n ~2V2 2 



G„, = 



We have defined 



9iw_ 
M 2 W 
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G e erf 



' JC V -C' A ^\ 



G 



ch 



r< 9sm n 

Ge = 7f 1 



Cy = xCy + 1 , 



g cos 6 Ai + A 2 
2^2 2 



9 SM = 9 



/Vs. 



(55) 

(56) 

(57) 
(58) 



C a = xC / 



x 



4 sin 6 



(59) 



6* 



cos OAi 

where we have used the relations given by ( 
the transferred momentum in the propagator is small compared with M\, {M^ V/ 



A 2 y^cos^vi/' 

and (|39|) and we have considered that 



To evaluate the nonstandard contribution to the amplitude, given by Eq.|56|, we Fierz- 
transform it and compare its scalar and pseudoscalar part with the parameterization used 
inRef. [ITJ 

9 2 

M z , = 2 ^ M 2 9~ + eR"eL^LHR (60) 



1 w 



14 



and we obtain 

g -+ = G J1 ^ 8 ^2 x K Lsin 2Q w 

9 

(61) 

■ e w Ml 



Using now the bounds for g~ + obtained in Ref. |12|] , we get 

Ml, > 10VQM^^-^(cos 6 + 1) sin Q5 3 (62) 
cos 9 w 

Since sin O and 53 are C 1 we conclude that this bound on Mz> is weaker than those 
obtained above from the rare kaon decays. 



7 Limits on the mixing angles between exotic and 
ordinary leptons. 

Here we use the formalism given in section 4 to analyze the mixing between exotic and 
ordinary leptons. In particular, we estimate the square of the mixing angles. 

From the discussion of Section 2, and from the matrices Ucl(r), the submatrices 
Fl(r) obtained in the model are 



3w -srll 

3ui 
Ml 

3w yll 



v" & {v> + vi + vi) 



\ M, 



2 
w 

M< 



w 
M. 



Mr 

(V{ + Vi + Vl) ^(V 1 + V 2 + Vs)J 



k(V 1 + V 2 + V 3 )\ 

' (V, +v 2 + v 3 ) 



(63) 



and Fr = 



V" 2 ) 
V" 2 ) 
V" 2 



V{Vi 



-V" 2 
-V" 2 
- V" 2 



V3;u 
Mi 



(V 2 



■vil 



-MTVl + V 12 



V" 2 ) 
V" 2 ) 



\ 



'■) ^(v^ + vivi + v" 2 ) ^(V 2 + V{ 2 + V" 2 ) J 



(64) 



From these equations we can compute Fl(r)Fl(r)- The limits found for the mass of the 
horizontal gauge boson which mediates FCNC, allow us to neglect the off diagonal terms, 
and by the formalism of section 4, we can reparameterize the terms in the diagonal; that 
is, we can write 



c a c a 



V o 



1\2 







2N2 



(S 2 a ) 



L, R, 



[sir 



(65) 
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where 



(si) 2 
(s 1 ,) 2 



and 



(Skf = (Slf = (S 



R) 



%(v 1 + v 2 + v 3 y, 



3w 2 



(V{ + vi + vi)\ 



27W 



9 



V 



111 



jk + Tk(ViV3 + V{V> + V" 2 ) 



+9 
+9 



M: 



M: 



■(v^ + vivi + v 

■(V 2 + V{ 2 + V" 2 ) 



(66) 



(67) 



With the constraint M z < ~ M 2 , and using V ~ m e , V ~ m M and V" ~ m r , we get 



M z , 




(sir 


(sir 


(s'nY 


19.0363 TeV 


654.443xl(T 14 


2.295X10" 14 


5.369X10)- 19 


24.836 xlO" 5 


34.5 TeV 


606.523xlCr 14 


2.127X10- 14 


4.977xl0- 2() 


7.561 xlCT 5 



where in the last column i = 1,2,3. 



8 Conclusions. 

We have analyzed some phenomenological implications of the model 
SU(6)l<E> U(l)y of unification of families with the standard electroweak interactions. 
The model contains exotic leptons and extra gauge bosons. The work has been focused 
on FCNC and rare decays produced by three sources: the horizontal interactions, the 
mixing between exotic and ordinary leptons, and the mixing of the standard Z neutral 
gauge boson with a horizontal gauge boson of SU(2)#. 

Given the complex structure of the mass matrices of fermions and gauge bosons, we 
implement a mechanism to diagonalize these matrices by using perturbation theory. To 
establish some limits on the scale of the breaking of the horizontal symmetry and limits 
for the mixing angles between exotic and ordinary charged leptons, we have computed the 
rare decays K + — > n + fi + e~ and K° — > fi + e~ , as well as the muon decay fj, — > ez/ e z/ M . 

The results can be summarized as follows: a) The mass of the flavor changing gauge 
boson is limited to values higher than 34 Tev; b) the limits on S 2 , the square of the sine 
of the mixing angle between exotic and ordinary charge leptons are stringent for the right 
sector (S R < 7.5 x 1CT 5 ), and extremely stringent for the left sector (Si < 6 x 10~ 12 ). 
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Table 1 

Clasification of generators and gauge bosons of SU(6) l- The numbers in the first column 
denote (SU(2) L , SU(2) H ) dimensionality. 



Branching 


Class 


/~1 J. 

Generators 


Gauge bosons 


(3,1) 


standard 


it— i T 


T X T 

Wi 


_ x~x T 

(72 <A> J3 


T/T7 
VV2 




IT 3 


(1,3) 


MT T1?nMP 

IN Ur UINU 


h ® (A3 + v oA 8 J/z 


^1 


FCNC 






T <y, ( \ i \ W/o 

J2 5s> (A 2 + \J I 


Y H(2) 


(1,5) 


NUFDNC 


J fO\ I /q\ \ WO 

i 2 ® (V0A3 - A 8 )/2 


^2 


FCNC 


h <S> (Ai - A 6 )/V2 


A/" 

Mi) 


j 2 ® 1^2 — A 7 )/y Z 


y K2) 


±2 5>> A4 


y 3(l) 


-t 2 5V A5 


r 3(2) 


(3,3) 


NUFDNC 


(73 ^3 -|- yoAgj/z 


^3 


FCNC 


(73 5S) l^Ai + A%) j \j Z 


^13(1) 


(73 5s> (A 2 + A7)/ y Z 


^13(2) 


IN Ur UUb 


(7i <S> (A 3 + VoA 8 J/2 


771 

^12(1) 


(72 <8> (A 3 + V<jA 8 J/2 


^12(2) 


r bob 


(7i <g> (Ai + A 6 )/V2 


^14(1) 


(7 2 ® (Ai + A 6 )/V2 


77' 

^14(2) 


(7i ® (A 2 + A 7 j/ V2 


77 

^14(2) 


(7 2 <E> (A 2 + A 7 j/ V2 


77 

*14(1) 


(3,5) 


NUFDNC 


(7 3 ® (v3A 3 - A 8 )/2 


r/ 


FCNC 


a 3 ® (Ai - A 6 )/V2 


^13(1) 


(7 3 <g> (A 2 - A 7 )/V2 


^13(2) 


(7 3 ® A 4 


^15(1) 


(7 3 ® A 5 


-^15(2) 


NUFDCC 


(7! <g> (V3A 3 - A 8 )/2 


^12(1) 


o- 2 ® (V3A 3 - A 8 )/2 


-^12(2) 


FCCC 


(Ji <g> (Ai - A 6 )/V2 


Gl4(l) 


(7 2 <g> (Ai - A 6 )/V2 


Cl 4 (2) 


(7i <g> (A 2 - A 7 )/V2 


-f^l4(2) 


(7 2 <g> (A 2 - A 7 )/\/2 


-f^l4(l) 


(7i ® A 4 


-^16(1) 


<7 2 ® A 4 


-^16(2) 


(7i ® A 5 


-^16(2) 


(7 2 ® A 5 


^16(1) 
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Appendix 

Parameters $ and 



a2 = (M+Hj /r * 



"3 = -T- 

r2 



I (V{ 2 +Vf+V^)-3(V{+V^+V^ 2 I' 



1 = 1 



^2 = 4 

r2 



« 3 = -W-a(^ 



where 



r _ i , (Wg 

r — 1 H y772 
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Fig. 1 Tree level diagram for K + — ► n + e fi + through a horizontal gauge boson Z'. 



Fig. 2 Tree level diagram for K\ — > e fi + through a horizontal gauge boson Z'. 



Fig. 3 Diagram which contribute to the // — >■ ev e v^ in SU(6)i®U(l)y through the 
weak gauge boson W . 

Fig. 4 Diagram which contribute to the fi — >■ ez/ e z/ M in SU(6)i®U(l)y through the 
horizontal gauge boson Z'. 
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This figure "figl-2.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9502220vl 



This figure "figl-3.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9502220vl 



